Printed from the Mathematica Help System

Principal Stresses and Mohr's Circle for
Plane Stress

Initialization Code

Manipulate

Manipulate[
Module[{z},
z=06x%xPi/180;
If[plotType == ""stress section” || plotType == ""Mohr circle/stress section” || plotType == "Mohr circle",
If[angleSelection == "specific plane",

z = getAngleAtSpecificPlane[specificPlaneAngle, ox, oy, tXY];
6=2z%180./Pi
]

1;

TextemakeDiagrams[Neox, Neoy, Netwxy, z, annotate, onPositiveSideOnly, plotType, limit, gridLines]
1,

erid|[{
{
Grid[{
{Style[Row[{"'stresses at 0", Degree}], 12], SpanFromLeft},
{"ox", Control [{{oXx, 14, "}, -20, 20, 0.1, ImageSize » Tiny}],
Style[Dynamicepadltl[ox, {3, 1}], 11], Spacer[13]},
{"oy", Control [{{oy, 4, """}, -20, 20, 0.1, ImageSize -» Tiny}], Style[Dynamicepadltl[oy, {3, 1}], 111},
{"zxy", Control [{{zxy, 10, "'}, -20, 20, 0.1, ImageSize -» Tiny}],
Style[Dynamicepadltl[zxy, {3, 1}], 111},
{Style[DynamiceRow[{matrix, " = ", TraditionalForm[{
{padltl[N[ox], {3, 1}], padltl[N[txy], {3, 1}1},
{padltl[N[zxy], {3, 1}], padltl[N[oy], {3, 1}]}
1
}1, 111, SpanFromLeft}
}, Spacings -» {.5, .5}, Alignment - Center, Frame - True, FrameStyle -> Directive[Thickness[.-005], Gray]]
}s
{
Grid[{
{Style["select plot type'", 12], SpanFromLeft},
{
PopupMenu [Dynamic[plotType],
{ "stress section" - Style[''stress section", 11],
"Mohr circle'" » Style[ "Mohr circle™, 117,
"Mohr circle/stress section" -» Style[ "Mohr circle/stress section™, 117,
"normal stress trajectory" - Style[ "normal stress trajectory", 11],
""shear stress trajectory" - Style["shear stress trajectory", 11],
""normal/shear trajectory" - Style["normal/shear trajectory", 11]
}, ImageSize -> All, ContinuousAction -> False], SpanFromLeft
}s
{Row[ {Style["annotate", 12], Spacer[1], Checkbox[Dynamic[annotate],
Enabled -> Dynamic[plotType == ""stress section” || plotType == ""Mohr circle/stress section"]]}],
Row[{Style[Column[{"display stresses on", "positive sides only"}, Alignment -» Left], 11], Spacer[1],
Checkbox [Dynamic[onPositiveSideOnly], Enabled -> Dynamic|
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plotTi/pé == "si:ress section™ || pﬁ)tType == "Mohf circlie/stress section™]]}]1, SpanFromLeft

}
}, Spacings -» {.2, .5}, Alignment - Center,
Frame -» True, FrameStyle -> Directive[Thickness[.005], Gray]], SpanFromLeft
},

Grid[{
{Grid[{
{Row[{Style["rotate to new angle" , 12]}], SpanFromLeft},

{RadioButtonBar [Dynamic[angleSelection], {"slider” - """, "specific plane" - """},

Appearance - ""Vertical", Enabled -» Dynamic[plotType == ""'stress section" ||
plotType == "Mohr circle/stress section” || plotType == ""Mohr circle"]1],
Grid[{

{Row[{Control[{{e, 45, "}, -90, 90, 1, ImageSize » Tiny, Enabled -»
Dynamic|[ (plotType == "'stress section" || plotType == "Mohr circle/stress section” ||
plotType == "Mohr circle™) && angleSelection == "slider”]}],
Spacer[4], Style[Row[{Dynamicepadlt2s[e, 3], Degree}], 111}1},
{Row[{
PopupMenu [Dynamic[specificPlaneAngle ,
{specificPlaneAngle = #; 6 = getAngleAtSpecificPlane[specificPlaneAngle, ox, oy, txyl} &],
{ "First principal plane” - Style["first principal plane", 11],
"'second principal plane" - Style["second principal plane”, 117,
"first maximum shear plane" -» Style[ "first shear plane", 11],
""'second maximum shear plane" - Style[ "second shear plane', 11]
}, ImageSize -> All, Enabled - Dynamic[ (plotType == "'stress section" ||
plotType == "Mohr circle/stress section™) && angleSelection == ""'specific plane']

}, Spacings » {.5, .5}, Alignment -» Center, Frame - None]
, Spacer|[7]
}

{Style[Dynamic@Row[{matrixZ, e,

TraditionalForm[{

1 1
{padltl[N[— (o + oY) + — (oX - oy) Cos[2 (6 %Pi/180)] + txy Sin[2 (6 *Pi/180)]], (3, 1}],
2 2

1
padltl[N[-— (0X - oy) SIn[2 (6 +Pi/180)] + txy Cos[2 (6 *Pi/180)]], (3. 1}]
2

}.

1
{padltl[N[——-(ox-—ay)Sin[Z(e #Pi /180) ] + txy Cos[2 (6 *Pi/180)]], (3, 1}],
2

1 1
padltl[N[— (oX + 0y) - — (oX - oy) CoS[2 (6 =Pi/180)] - txy Sin[2 (6 *Pi/lBO)]], {3, 1}]
2 2

J
J
1} 1]

}}, Spacings » {.5, .5}, Alignment - Center,
Frame » True, FrameStyle -> Directive[Thickness[.005], Gray]]

{
Grid[{
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{Grid[{
{Style["zoom", 12], Spacer[13],
Control[{{limit, 30, "}, 5, 50, 0.1, ImageSize -» Small}], Spacer[12]},
{""", Style[Row[{"in", Spacer[75], "out"}], 11], SpanFromLeft}
}, Spacings » {.1, .1},
Alignment -» Center, Frame » True, FrameStyle -> Directive[Thickness[.005], Gray]]
},
{Grid[{
{Style["gridlines", 12], Control [{{gridLines, 0.5, "}, 0, 1, 0.1, ImageSize -» Small}] Spacer[8]},
{"", Style[Row[{"less", Spacer[70], "more"}], 117}
}, Spacings -» {.1, .1},
Alignment - Center, Frame - True, FrameStyle -> Directive[Thickness[.005], Gray]]
}
}, Spacings » {.1, .5}, Alignment » Left, Frame -» None
1., SpanFromLeft
}

}, Spacings -» {-2, .5}, Alignment—»Left],

{{annotate, True}, None},
{{plotType, "Mohr circle"}, None},

{{matrix, TraditionalForm[{{oyx, txy}, {Txy> oy}}1}, None},
{{matrix2, TraditionalForm[{{(c")x, T xy}> {T xy> (67)y}}]}, None},

{{onPositiveSideOnly, True}, None},
{{principalPlaneAngle, False}, None},

{{maxShearPlane, False}, None},

{{specificPlaneAngle, "first principal plane"}, None},
{{angleSelection, "slider"}, None},

ControlPlacement » Left,
SynchronousUpdating - False,
Synchronousinitialization - False,
ContinuousAction - True,
Alignment -> Center,
ImageMargins -» 0,
FrameMargins - 0,

Paneled - True,

Frame - False,
AutorunSequencing » {1},
Initialization »

{

(*--- constant parameters size and width of display ---x)
contentSizeW = 425;
contentSizeH = 425;

padlt2[v_?numeric, f_List] :=
AccountingForm[Chop[v] , F, NumberSigns - {""", """}, NumberPadding - {""0"", 0"}, SignPadding - True];
padlt2[v_?numeric, f_Integer] := AccountingForm[Chop[v] , f, NumberSigns -» {"", """},
NumberPadding -» {*'0", ""0"}, SignPadding - True];
padItZS[v_?numeric, f_Integer] := AccountingForm[Chop[Vv] , F, NumberSigns - {"-", "+"},
NumberPadding -» {"'0", 0"}, SignPadding - True];
padltl[v_?numeric, f_List] := AccountingForm[Chop[Vv] , F, NumberSigns -» {"-", "+"},
NumberPadding -» {"'0", "0"}, SignPadding - True];

(»definitions used for parameter checkingx)
integerStrictPositive = (IntegerQ[#] & # > 04&) ;
integerPositive = (IntegerQ[#] & #208&);

Printed by Wolfram Mathematica Student Edition ©1988-2013 Wolfram Research, Inc. All rights reserved.



Printed from the Mathematica Help System

numericStrictPositive = (Element[#, Reals] & #>04&);
numericPositive = (Element[#, Reals] & #204&) ;
numericStrictNegative = (Element[#, Reals] & #<04&) ;
numericNegative = (Element[#, Reals] & #<0&) ;

bool = (Element[#, Booleans] &) ;

numeric = (Element[#, Reals] &) ;

integer = (Element[#, Integers] &) ;

makeDiagrams[ax_?numeric, oy_?numeric, tXy_?numeric, 6_7?numeric, annotate_?bool, onPositiveSideOnly_?
bool, plotType_String, limit_?numericStrictPositive, gridLines_?numericPositive] := Module[{},

Which[

plotType == ""stress section", make2DStressDiagram[oX, oy, TXY, 6,
annotate, onPositiveSideOnly, limit, gridLines, {contentSizeW, contentSizeH}],

plotType == ""Mohr circle", makeMohrCircle[e6, oX, oy, txy, limit,
gridLines, {contentSizeW, contentSizeH}, makeMohrCircleTitle[ox, oy, TXY]],

plotType == "Mohr circle/stress section",
Grid[{
{makeMohrCircleTitle[oX, oy, txy], SpanFromLeft},
{make2DStressDiagram[oX, oy, tXy, 6, annotate,
onPositiveSideOnly, limit, gridLines, {0.5contentSizeW, 0.87 contentSizeH}],
makeMohrCircle[e, ox, oy, txXy, limit, gridLines, {0.499 contentSizeW, .87 contentSizeH}, {}]
}
}, Spacings - {0, 0}
1,

plotType == "normal stress trajectory", makeNormalStressPolarPlot[ox, oy, Xy, limit, gridLines],
plotType == ""'shear stress trajectory', makeShearStressPolarPlot[oX, oy, txy, limit, gridLines],
plotType == "normal /shear trajectory",

makeShearAndNormalStressPolarPlot[oXx, oy, txy, limit, gridLines]

getAngIeAtSpecificPlane[specificPlaneAngle_, ox_, oy_, cxy_] I=

N@Which[specificPlaneAngle=="first principal plane”, principalStresses[ox, oy, txy][[1l, 2]],
specificPlaneAngle == ""'second principal plane", principalStresses[oX, oy, txy][[2, 2]],
specificPlaneAngle == "first maximum shear plane', principalStresses[oX, oy, txXy][[1, 2]] +Pi/4,

3
specificPlaneAngle == ""second maximum shear plane', principalStresses[oX, oy, tXy][[1l, 2]] + —Pi
4

(»finds the 2 Principal stresses in plane stress 2D settingx)
principalStresses[ox_?numeric, oy_7?numeric, txy_’?numeric] I=

Module[{ep, o, ol, o2, olmax, r, c, tmp, 61, e2},

oX + oy

C=

2
{ol, 02} ={C+r, C-r};

(xol is the largest stress regadless of signsx)
I1f[Abs[02] > Abs[ol],
tmp = ol;
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ol = 02;
o2 = tmp
1;

2 Ab:
ArcTan [ 28bsloyl

Abs [ox-oy]
If[Abs[ox—cry] < $MachineEpsilon, ep =Pi /4, ep = ]

2
1f[ol > 02,
If[txy >0, (xbelowx)
If[ox>c, {61, 62} = {6p, -(Pi/2-6p)}, {61, 62} = {Pi/2-6p, -6p}]
If[ox>c, {61, 62} = {-6p, (Pi/2-6p)}, {61, 62} = {-(Pi/2-6p), 6p}]
]

If[txy >0,
If[ox>c, {61, 82} = {-(Pi/2-6p), 6p}, {61, 62} = {-6p, Pi/2-6p}]

If[ox>c, {61, 62} = {(Pi/2-6p), -6p}, {61, 62} = {6p, -(Pi/2-6p)}]

-

{{01, 61}, {02, 62}}

(»finds the maximum and minumum shear stresses in plane stress 2D settings)

maxAndMinShearStress[ox_?numeric, oy_?numeric, txy_’?numeric] I= Module[{r},

r=Sqrt[[oX-ay]2 + rxyz];
{r, -r}
E
(k= m e m e e e e - *)

(»find normal and shear stress for plane at angle theta from normal. plain stresssx)
(xuse standard stress angle transformation for 2Dx)

rotationStress[ox_, oy_, txy_, 6_] := Module[{cxx, oyy, t},

1 1
oXX = — (oX + oY) + — (oX - oy) Cos[2 6] + txy Sin[26];
2 2

1
t=-— (oX-oy) Sin[26] + txy Cos[26];
2

1 1
oyy = — (oX + oy) - — (oX - oy) Cos[2 6] - txy Sin[26];
2 2

{oxx, oyy, t}

plot[data_List, limit_?numericStrictPositive, gridLines_?numericPositive, color_] I=

ListPolarPlot[data,
Joined » True,
AxesOrigin- {0, 0},
ImageSize » {contentSizeW, contentSizeH},
ImagePadding -» { {20, 10}, {20, 5}},
ImageMargins -» 0,
AspectRatio- 1,
Frame -» True,
If[gridLines == 0, GridLines -» None, {GridLines »
{Range[-limit, limit, (2+«1imit) / (gridLines+20)], Range[-limit, limit, (2« 1imit) / (gridLines*20)1},
GridLinesStyle » Directive[Thickness[.001], LightGray]
.
PlotRange -» {{-limit, limit}, {-limit, limit}},
PlotStyle - color
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1:
makeArrowForAngle[r_, center_, {{ol_, el_}, {02_, 92_}}, rxy_?numeric] := Module[{phi, tbl, align},

1f[ol > 02,

If[zxy >0,
tbl = Table[{center[[1]] + r/3*Cos[phi], r/3*Sin[phi]l}, {phi, -2+6l1, 0, Pi/100}];
align={-1, 1}
tbl = Table[{center[[1]] + r/3xCos[phi], r/3*Sin[phi]}, {phi, -2x61, 0, -Pi/100}];
align={-1, -1}

1

If[zxy > O,

tbl = Table[{center[[1]] + r/3*Cos[phi], r/3*Sin[phi]l}, {phi, -(Pi +2xe6l), -Pi, -Pi/100}];
align= {1, 1}

tbl = Table[{center[[1]] + r/3xCos[phi], r/3*Sin[phi]}, {phi, (Pi-2x6l), Pi, Pi/100}];
align= {1, -1}

makeMohrCircleTitIe[ox_?numeric, oy_?numeric, txy_?numeric] I= Module[{ol, o2, 81, e2, r, center, ptA},

{{ol, 61}, {02, 62}} = principalStresses[oX, oy, tXy];

center = {01;02 , O}:

PtA = {oX, -TtXY};
r = EuclideanDistance[center, ptA];

Grid[{
TraditionalForm[Style[#]] & /@ {"ox'", "oy", "Txy", "o1", 02", "Ttnax', 01", 65"},
{padltl[ox, {4, 1}],
padltlfoy, {4, 1}],
padltl[cwxy, {4, 1}]1,
padltlf[ol, {4, 1}],
padltl[o2, {4, 1}],
tpadlt2[r, {4, 1}1,
Row[{padltl[el%180/Pi, {4, 1}], Degree}],
Row[{padltl[e2+180/Pi, {4, 1}1, Degree}]
}
}, Spacings » {.5, 1}, Frame -» All, FrameStyle -> Directive[Thin]]

oxX - oy

2
getRadiusOfCircle[e_?numeric, oX_7?numeric, oy_?numeric, rxy_?numeric] :=Sqrt[( ) + thz];

getCurrentStressOninclinded [e_?numeric,
oX_7?numeric, oy_?numeric, rxy_?numeric] I= Module[{axl, txyl, oyl},

oX + oy oX - oy
ox1l = +[

Cos[26] + txy Sin[2 e]);

oX - oy
xyl = [— Sin[2e6] + rxyCos[Ze]);
2

oX - oy
oyl = _[ Cos[29]+:xysin[26]);
2 2
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{ox1, oyl, Txyl}

makeMohrCircle[e_?numeric, oX_?numeric, oy_?numeric,
txy_?numeric, limit_?numericStrictPositive, gridLines_?numericPositive,
{contentSizeW_?numericStrictPositive, contentSizeH_?numericStrictPositive}, plotTitIe_] i=

Module[{ptA, ptB, center, ol, o2, 61, 62, r, z, Ist, txt, ptD1l, ptD2, oxl, txyl, oyl},
{{ol, 61}, {02, 62}} = principalStresses[oX, oy, tXy];

ol + 02
. 0}
ptA = {oX, -TXYy};
r = getRadiusOfCircle[6, oX, oy, tXY];
{ox1, oyl, txyl} = getCurrentStressOninclinded[6, oX, oy, tXy];

center = {

(*Print["in makeMohrCircle, e=",0," ox=",oX," oy=",oy," r=",r," cosBeta=",cosBeta,
' sinBeta=",sinBeta," currentStress=",currentStress," currentShear=",currentShear];=x)

z = oX - Firstecenter;

ptB = {ptA[[1]] -2z, -ptA[[2]]};
ptDl1 = {ox1, -txyl};

ptD2 = {oyl, Txyl};

Graphics[{
Circle[center, r],

(#{Text[TraditionalForm[Style[" (ox,-Txy) " ,12]],ptA, If[ox>center[[1]],{-1,1},{1,1}]11},%)
{Black, PointSize[.02], Point[ptA]},
{Black, PointSize[.02], Point[center]},

(»{Text[TraditionalForm[Style[" (oy,Txy)",12]],ptB, If[oy>center[[1]],{-1,-1},{1,-1}11},%)
{Black, PointSize[.02], Point[ptB]},
{Dashed, Line[{ptA, ptB}1},

Circle[ptD1, .87,

{Red, Dashed, Line[{ptD1l, ptD2}]},

Circle[ptD2, .8],

Text[Row[{" (", padltl[ox1, {4, 1}], ",", padltl[cxyl, {4, 1}], ")"}1,
ptD1, If[ox1>center[[1]], {-1, -1}, {1, -1}11,

Text[Row[{" (", padltl[oyl, {4, 1}], ",", padltl[zxyl, {4, 1}1, ")"}1,
ptD2, If[oyl > center[[1]], {-1, -1}, {1, -1}11,

{Red, PointSize[.02], Point[{ol, 0}1},
{Text[TraditionalForm[Style["0;", 12]], {ol, O}, {-1.5, 1.5}1},

{Red, PointSize[.02], Point[{c2, 0}]},
{Text[TraditionalForm[Style["0,", 12]], {02, O}, {1.2, 1.3}]1},

{Blue, PointSize[.02], Point[{center[[1]], r}]},
{Text[TraditionalForm[Style["tnax'", 12]], {center[[1]], r}, {0, -1.5}]},

{Blue, PointSize[.02], Point[{center[[1]], -r}1},
{Text[TraditionalForm[Style[" "t a"", 1211, {center[[1]], -r}, {0, 1.5}]},

{Text[Style["tension", 117, {limit, O}, {1, 3}]},

{Text[Style['"compression', 11], {-limit, 0}, {-1, 3}]1}

}s

If[gridLines == 0, GridLines - None,

{GridLines » {Range[-limit, limit, (2« 1imit) / (gridLines+20)], Range[-limit, limit,
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(2% 1imit) / (gridLines*20) ]}, GridLinesStyle -» Directive[Thickness[.001], LightGray]
1,
PlotRange -» {{-limit, limit}, {-limit, limit}},
Axes -» True,
AxesOrigin - {0, 0},
TicksStyle » 8,
PlotLabel -> If[plotTitle === {}, """, plotTitle],
ImageSize » {contentSizeW, contentSizeH},
ImagePadding -» { {20, 10}, {20, 5}}

makeShearAndNormalStressPolarPlot[ox_?numeric, oy_?numeric,
txy_?numeric, limit_?numericStrictPositive, gridLines_?numericPositive] I=
Module[{pts, 6, ol, 02, olAbs, 02Abs, epl, ep2, pl, p2, p3, p4, plotTitle, coordl, coord2, 1, t2},

pts = Table[{rotationStress[oX, oy, txy, 6], 6}, {6, 0, 2Pi, Pi/40}];
{{ol, epl}, {02, 6p2}} = principalStresses[oXx, oy, tXY];
pl = plot[Transpose[{pts[[All, 2]], pts[[All, 1, 1]]}], limit, gridLines, Red];

coordl = {Abs[ol] Cos[epl], Abs[ol] Sin[epl]};
coord2 = {Abs[02] Cos[ep2], Abs[c2] Sin[ep2]};

p2 = Graphics[{
{PointSize[0.015], Point[{oX, 0}]},
Text[TraditionalForm[Style["o\", 12]], {ox, 0}, {0, 1.2}],
{PointSize[0.015], Point[{0, oy}1},
Text[TraditionalForm[Style["o,", 12]], {0, oy}, {1.2, 0}1,

{PointSize[0.015], Point[coordl]},
Text[TraditionalForm[Style["o,", 12]], coordl, {-1.4, 0}],
{PointSize[0.015], Point[coord2]},
Text[TraditionalForm[Style["o,", 12]], coord2, {-1.4, 0}1,
{Dashed, Thin, Line[{coordl, {-coordl[[1]], -coordl[[2]]}}1},
{Dashed, Thin, Line[{coord2, {-coord2[[1]], -coord2[[2]]1}}1}

oo

1

{tl, 2} = maxAndMinShearStress[ox, oy, tXYy];
p3 = plot[Transpose[{pts[[All, 211, pts[[All, 1, 3]]1}], limit, gridLines, Blue];

coordl = {Abs[tl] Cos[epl + Pi /4], Abs[zl] Sin[epl + Pi/4]1};
coord2 = {Abs[tl] Cos[ep2 + Pi /4], Abs[zl] Sin[ep2 + Pi/4]1};

p4 = Graphics[{
{PointSize[0.015], Point[{txy, 0}]},
Text[TraditionalForm[Style["t,,", 12]], {xy, 0}, {0, 1.2}],

{PointSize[0.015], Point[{0, Txy}1},
Text[TraditionalForm[Style["ztyy", 12]], {0, =xy}, {1.2, 0}],

{PointSize[0.015], Point[coordl]},
Text[TraditionalForm[Style["tpax"", 12]], coordl, {-1.4, 0}],

{Dashed, Thin, Line[{coordl, {-coordl[[1]], -coordl[[2]]}}]},
{Dashed, Thin, Line[{coord2, {-coord2[[1]], -coord2[[2]]1}}1}

CEE

1

plotTitle = Style[Grid[{
{"'normal (red) and shear (blue) polar (stress vs. angle) trajectory", SpanFromLeft},
TraditionalForm[Style[#]] & /@ {0y, "oy", Ty, "o1", 61", "0r", 62", "tnax"'},
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{padltlfox, {4, 1}1,
padltlf[oy, {4, 1}1,
padltl[cxy, {4, 1}1,
padltlfol, {4, 1}],
Row[{padltl[epl+180/Pi, {4, 1}], Degree}],
padltl[oc2, {4, 1}],
Row[ {padltl[ep2%180/Pi, {4, 1}], Degree}],
tpadlt2[cl, {4, 1}]

}

}, Spacings -» {0.4, 1.1}, Frame - All, FrameStyle -> Directive[Thin]], 12];

Show[pl, p2, p3, p4, PlotLabel -> plotTitle]
1

makeNormaIStressPolarPlot[cx_?numeric, oy_7?numeric,
txXy_?numeric, limit_?numericStrictPositive, gridLines_?numericPositive] I=
Module[{pts, 6, ol, o2, olAbs, o2Abs, epl, ep2, pl, p2, plotTitle, coordl, coord?},

pts = Table[{rotationStress[oX, oy, tXy, 6], 6}, {6, 0, 2Pi, Pi/40}]1;
{{o1, epl}, {02, 6p2}} = principalStresses[oXx, oy, tXy];

pl = plot[Transpose[{pts[[All, 2]], pts[[All, 1, 1]]1}], limit, gridLines, Red];
coordl = {Abs[ol] Cos[epl], Abs[ol] Sin[epl]};
coord2 = {Abs[02] Cos[ep2], Abs[o2] Sin[ep2]};

p2 = Graphics[{
{PointSize[0.015], Point[{ox, 0}1},
Text[TraditionalForm[Style["ox", 12]], {ox, 0}, {0, 1.2}],
{PointSize[0.015], Point[{0, oy}]1},
Text[TraditionalForm[Style["o,", 12]], {0, oy}, {1.2, 0}1,

{PointSize[0.015], Point[coordl]},
Text[TraditionalForm[Style["o,", 12]], coordl, {-1.4, 0}1,
{PointSize[0.015], Point[coord2]},
Text[TraditionalForm[Style["0,", 12]], coord2, {-1.4, 0}],
{Dashed, Thin, Line[{coordl, {-coordl[[1]], -coordl[[2]]1}}1},
{Dashed, Thin, Line[{coord2, {-coord2[[1]], -coord2[[2]]1}}1}

e

1

plotTitle =Grid[{
{"'normal stress polar (stress vs. angle) trajectory", SpanFromLeft},
TraditionalForm[Style[#]] & /@ {"ox", "oy", "txy'", "o1", 61", "or", "6,"},
{padltl[ox, {4, 1}],
padltlfoy, {4, 1}],
padltl[zwxy, {4, 1}1,
padltlf[ol, {4, 1}],
Row[{padltl[epl«180/Pi, {4, 1}], Degree}],
padltl[oc2, {4, 1}1,
Row[{padltl[ep2+180/Pi, {4, 1}], Degree}]
}
}, Spacings - {0.8, 1}, Frame - All, FrameStyle -> Directive[Thin]];
Show[pl, p2, PlotLabel -> plotTitle]
1;

makeShearStressPolarPlot[ox_?numeric, oy_?numeric,
txy_?numeric, limit_?numericStrictPositive, gridLines_?numericPositive] I=

Module[{pts, e, ol, tl, t2, o2, olAbs, o2Abs, epl, ep2, pl, p2, plotTitle, coordl, coord2?},

pts = Table[{rotationStress[oX, oy, txy, 6], 6}, {6, 0, 2Pi, Pi/40}];
{{ol, epl}, {02, 6p2}} = principalStresses[oX, oy, tXY];
{zl, 2} = maxAndMinShearStress[oX, oy, tXY];

Printed by Wolfram Mathematica Student Edition ©1988-2013 Wolfram Research, Inc. All rights reserved.



10 Printed from the Mathematica Help System

pl-= plof[Transpose[{pts[[AII, é]], prts[[Ailil, 1, 311}1, limit, gridLines, Blue];

coordl = {Abs[tl] Cos[epl + Pi /4], Abs[zl] Sin[epl + Pi/4]1};
coord2 = {Abs[tl] Cos[ep2 + Pi /4], Abs[zl] Sin[ep2 + Pi/4]};

p2 = Graphics[{
{PointSize[0.015], Point[{txy, 0}]},
Text[TraditionalForm[Style["ty ", 12]], {xy, 0}, {0, 1.2}],

{PointSize[0.015], Point[{0, Txy}1},
Text[TraditionalForm[Style["zyy", 12]], {0, =xy}, {1.2, 0}],

{PointSize[0.015], Point[coordl]},
Text[TraditionalForm[Style["tnax", 12]], coordl, {-1.4, 0}1,

{Dashed, Thin, Line[{coordl, {-coordl[[1]], -coord1[[2]1]1}}1}.,
{Dashed, Thin, Line[{coord2, {-coord2[[1]], -coord2[[2]]1}}1}

CEE

plotTitle = Grid[{

{""'shear stress polar (stress vs. angle) trajectory", SpanFromLeft},

Flattene {TraditionalForm[Style[#]] & /@ {"ox", "oy", "txy", "Tmax''» "Omax''}. SpanFromLeft},
{padltl[ax, 4, 111,

padltlfoy, {4, 1}1,

tpadlt2[cxy, {4, 1}1,

padltl[zl, {4, 1}],

Row[{padltl[ (6pl + Pi/4) x180/Pi, {4, 1}1,

3
Degree, ",", padltl[[epl + — Pi] *180/Pi, {4, 1}] . Degree}] R SpanFromLeft}
4

}, Spacings » {1, 1}, Frame - All, FrameStyle -> Directive[Thin]];
Show[pl, p2, PlotLabel -> plotTitle]

makeZDStressDiagram[ox_?numeric, oy_?numeric, txy_?numeric, 6_7?numeric, annotate_?bool,
onPositiveSideOnly_?bool, limit_?numericStrictPositive, gridLines_?numericPositive,

{contentSizeW_?numericStrictPositive, contentSizeH_?numericStrictPositive}] := Module[

{ol, 02, oXxX, oYy, tXyXy, I, oxxRightArrow, oxxLeftArrow, oyyTopArrow, ocyyBottomArrow, tRightArrow,
tLeftArrow, tTopArrow, tBottomArrow, tl, 2, color, textSize = 11, colorShear, oxxRightArrowText,
oxxLeftArrowText, oyyTopArrowText, oyyBottomArrowText, tRightArrowText, tLeftArrowText,
tTopArrowText, tBottomArrowText, rotationMatrix, coordinates, from, to, rotatedAxisXText,
rotatedAxisYText, maxAbsoluteprincipalShearStress, thickness = Thick, eps = 10~-9, epl, ep2},

rotationMatrix = RotationMatrix[-6];
rotatedAxisXText = Text[Style["x", Italic, textSize], {0.3, 0}.rotationMatrix];
rotatedAxisYText = Text[Style["y", Italic, textSize], {0, 0.3}.rotationMatrix];

{{ol, epl}, {02, 6p2}} = principalStresses[oX, oy, tXy];
{tl, 2} = maxAndMinShearStress[ox, oy, tXYy];
maxAbsoluteprincipalShearStress = Max[Abs[{tl, t2}]]1;
{oXx, oyy, tXyxy} = rotationStress[ox, oy, XY, 6];

I1f[Abs[o1] >0,
{oXX, oyy} = {oXX, oyy} /Abs[ol] (xscalex)
1;

1T [maxAbsoluteprincipalShearStress > 0,

TXyXy = tXyxy / maxAbsoluteprincipalShearStress (xscalex)
1;
color = Red;
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colorShear = Blue;
r = {White, EdgeForm[{Thin, Gray}], Rectangle[{-0.5, -0.5}, {0.5, 0.5}1};

If[oxx 20,

from= {0.6, 0};

to = {0.6 + oxx, 0};

coordinates = {If[annotate, 0.78, 0.68] + oxx, 0}.rotationMatrix

from = {0.6 + Abse@eoxx, 0};

to={0.6, 0};

coordinates = {If[annotate, 0.78, 0.68] + Abs@oxx, 0}.rotationMatrix
1;

oxxRightArrowText = I'f[annotate,
Text[Style[Column[{TraditionalForm[Style["ox"]], padltl[oxXx*xAbs[ocl], {3, 1}]},
Alignment - Center], textSize], coordinates, {0, 0}],
Text[TraditionalForm[Style["o\", textSize]], coordinates, {0, 0}]
1;
oxxRightArrow = {thickness, Arrowheads[Medium], color, Arrow[{from, to}, 0]};

If[oxx 20,

from = {-0.6, 0};

to={-0.6 - oxx, 0};

coordinates = {If[annotate, -0.78, -0.68] - oxx, 0}.rotationMatrix

from = {-0.6 - Abs@oxx, 0};

to={-0.6, 0};

coordinates = {If[annotate, -0.78, -0.68] - Abseoxx, 0}.rotationMatrix
13

oxxLeftArrowText = If[annotate,
Text[Style[Column[{TraditionalForm[Style["ox""]], padltl[oxxxAbs[ol], {3, 1}1},
Alignment - Center], textSize], coordinates],
Text[TraditionalForm[Style["o\", textSize]], coordinates]
1;
oxxLeftArrow = {thickness, Arrowheads[Medium], color, Arrow[{from, to}, 0]};

1f[oyy 20,

from= {0, 0.6};

to={0, 0.6 + oyy};

coordinates = {0, If[annotate, 0.75, 0.68] + oyy}.rotationMatrix

from = {0, 0.6 + Abse@oyy};

to={0, 0.6};

coordinates = {0, If[annotate, 0.75, 0.68] + Abseoyy}.rotationMatrix
1;

oyyTopArrowText = If[annotate,
Text[Style[Column[{TraditionalForm[Style["c,'"]], padltl[ocyy«Abs[cl], {3, 1}]},
Alignment - Center], textSize], coordinates],
Text[TraditionalForm[Style["o,", textSize]], coordinates]
13
oyyTopArrow = {thickness, Arrowheads[Medium], color, Arrow[{from, to}, 0]};

1f[oyy 20,

from= {0, -0.6};

to={0, -0.6 - ayy};

coordinates = {0, -0.75 - oyy}.rotationMatrix

from = {0, -0.6 - Abse@oyy};
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to={0, -0.6};
coordinates = {0, -0.75 - Abseoyy}.rotationMatrix
1;

oyyBottomArrowText = I f[annotate,
Text[Style[Column[{TraditionalForm[Style["oy'"]], padltl[oyy«Abs[cl], {3, 1}]},
Alignment -» Center], textSize], coordinates],
Text[TraditionalForm[Style["o,", textSize]], coordinates]
1;
oyyBottomArrow = {thickness, Arrowheads[Medium], color, Arrow[{from, to}, 0]};

If[txyxy 20,

from = {0.6, 0.5 - txXyxy};

to={0.6, 0.5};

coordinates = {If[annotate, 0.8, 0.7], 0.45}_rotationMatrix

from= {0.6, 0.5};

to={0.6, 0.5 - Abs@txyxy};

coordinates = {If[annotate, 0.8, 0.7], 0.45}.rotationMatrix
1;

tRightArrowText = If[annotate,
Text[Style[Column[{TraditionalForm[Style["t., 1], padltl[
txXyxy * maxAbsoluteprincipalShearStress, {3, 1}]}, Alignment - Center], textSize], coordinates]
Text[TraditionalForm[Style[" ., textSize]], coordinates]
1;
tRightArrow = {thickness, Arrowheads[Medium], colorShear, Arrow[{from, to}, 0]};

If[xyxy 2 0,

from = {0.5 - txyxy, 0.6};

to={0.5, 0.6};

coordinates = {0.5, 0.75}.rotationMatrix
from= {0.5, 0.6};

to = {0.5 - Abse@txyxy, 0.6};

coordinates = {0.5, 0.75}.rotationMatrix
1;

tTopArrowText = Text[TraditionalForm[Style["ty ", textSize]], coordinates];
tTopArrow = {thickness, Arrowheads[Medium], colorShear, Arrow[{from, to}, 0]};

tLeftArrow = {Arrowheads [Medium],
If[txyxy =0,
{
thickness, colorShear, Arrow[{{-0.6, -0.5 + txyxy}, {-0.6, -0.5}}, O]
}
{
thickness, colorShear, Arrow[{{-0.6, -0.5}, {-0.6, -0.5 + Abs@txyxy}}, 0]

1}s

tBottomArrow = {thickness,
colorShear,
Arrowheads [Medium],

If[cxyxy = 0,

Arrow[{{-0.5 + txyxy, -0.6}, {-0.5, -0.6}}, 0]
Arrow[{{-0.5, -0.6}, {-0.5 + Abs@txyxy, -0.6}}, O]
1
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}:

from = - (limit/40) »1.9;
to = -from;

Graphics|
{Rotate[r, e, {0, 0}],

If[Abseoxx > eps,
{
Rotate [oxxRightArrow, 6, {0, 0}],
oxxRightArrowText,
If[onPositiveSideOnly, Sequence ee {}, Rotate[oxxLeftArrow, 6, {0, 0}]1]
1,
Sequence ee {}
1

If[Abseoyy > eps,
{
Rotate [oyyTopArrow, e, {0, 0}],
oyyTopArrowText,
If[onPositiveSideOnly, Sequence ee {}, Rotate[ocyyBottomArrow, 6, {0, 0}]]
1,
Sequence ee {}
1

If[Abse txyxy > eps,
{
Rotate[ctRightArrow, e, {0, 0}1,
tRightArrowText,
Rotate[tTopArrow, 6, {0, 0}],
If[onPositiveSideOnly, Sequence ee {},
{
Rotate[zLeftArrow, e, {0, 0}1,
Rotate[tBottomArrow, 6, {0, 0}]
}
]
1,
Sequence ee {}
1
{Gray, Thin, Dashed, Rotate[{Arrowheads[Small], Arrow[{{-0.25, 0}, {0.25, 0}}]}, &, {0, O}1},
{Gray, Thin, Dashed, Rotate[{Arrowheads[Small], Arrow[{{O, -0.25}, {0, 0.25}}1}, &, {0, O}1},
rotatedAxisXText,
rotatedAxisYText,
{PointSize[0.01], Point[{0, 0}1}
}

Axes - False,
PlotRange -» { {from, to}, {from, to}},
ImageSize » {contentSizeW, contentSizeH},
ImagePadding -» { {10, 10}, {10, 10}},
ImageMargins -» 0,
AspectRatio -» Automatic,
If[gridLines == 0, GridLines - None,
{
GridLines -»
{Range[from, to, (to - from) / (gridLines=20)], Range[from, to, (to - from) / (gridLines=20)]},
GridLinesStyle » Directive[Thickness[.001], LightGray]
}
1,
Frame -» False
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]
stresses at 0°
Oy :U: padltl[14, {3, 1}]
oy —}F— padltl[4, {3, 1}]
Txy —{)— padlt1[10, {3, 1}]
Ox  Txy _ (padltl(14., {3,1})) padlt1(10., {3, 1}))
vy oy | \paditl(10.{3,1}) paditi(4., (3,1}
select plot type
Mohr circle
display stresses on
annotate
M positive sides only @ Ey
rotate to new angle
@ —{}——— == padIt2s[-33, 3]°
O first principal plane
oy Ty _ (padlt1(1.89822863895299, {3,1}) padltl(8.63509371897101, {3, 1}))
Ty @y ~ \padIt1(8.63509371897101, {3, 1}) padlt1(16.101771361047, {3, 1})
zoom i
in out
gridlines i
less more
Caption

This Demonstration generates Mohr's circles for plain stress. The input is stress values for oy, 0y, Txy at the X and y orthogonal faces

oriented at zero angle. The Demonstration calculates a Mohr's circle and generates other plots to illustrate how stress changes at
different orientations as the angle of the plane is changed using the slider. Planar stress is assumed, therefore stresses in the z

direction are assumed to be zero.
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Details

Ox Txy Txz
y Ox Txy )
. Assuming oy, Oy,

In plane stress, components 0z, Tz, Tzy, Txz Tyz Vanish and the 3D stress tensor | Tyx Oy Tyz | reduces to ( o
Txy Oy

Tx Tzy Oz

and 7y are given at 0°, the stresses oy, oy, Txy at a different angle ¢ are found from

: (ox+0y) + ;(o-x - 07y) C0S(26) + Tyy SIN(26)

ax 2

1 1 :
Ty =] (ox+ay) = 5 (ox — oy)cos(26) ~ 1xy Sin(26)
Txy

1 .
-3 (ox = oy) SIN(206) + T4y COS(26)

2
The angles 6; and 6, at which the maximum and minimum normal principal stress o; occurs are given by tan(26;) = ixy and

Ox—0y

Tx+oy (Ux—(ry

2
> .
5 2 ) + Ty » where o4is

6, =01 + > respectively. The maximum and minimum normal principal stresses are given by o1, =

taken as the larger of the two principal stresses in absolute terms. The maximum shear stress is at 45° from the principal plane and is
given by Tmax = £ (01 — 02). At the principal planes the shear stress is always zero. Mohr's circle for plain stress can be viewed from the
pulldown menu. You can view polar plots that show how the normal and shear stress change with angle. You can select the angle to
view the stresses by using the slider or select specific planes using the pulldown menu. All units are assumed to be in Sl.
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